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NOXx Reduction Strategy Using Direct Water Injection in a Diesel Engine
(First Report)
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We propose a combustion concept for significant NOx reduction by stratifying water within the
engine cylinder. Through 3D-CFD analysis, we found that stratifying water around the upper region
of the piston cavity results in much higher NOx reduction compared to homogeneously distribution
water in the cylinder. To achieve this stratified water distribution, we developed a multi-hole fan
nozzle and installed it on the engine head to establish a system for direct water injection into the
cylinder. Experimental results at an IMEP of 0.8MPa showed that under conditions where the mass od
water injection accounted for 50% of the fuel mass, optimizing the timing of water injection led to an
approximately 40% reduction in NOx. Furthermore, diving the water injection into two stages resulted
in a 50% reduction in soot. When applying Exhausted Gas Recirculation (EGR) under these conditions
with equivalent soot concentrations, we observed up to a 75% reduction in NOx compared to no using

water injection.
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Table 1 Calculation Conditions
IMEP[MPa] 0.8
Injected water ratio[%] 50
Water temperature[C] 80
Injection timing of water["ATDC] -5
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Fig.4 Fan Spray Type Nozzle used for Water Injection
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Table 2 Specifications of Water Nozzle and Dimension
related to Nozzle Layout

Hole diameter[mm]xnumber 0.2X5
Spread angle of fan sprays aldeg] 54
Spray direction B[deg] 74
Nozzle offset length L offset [mm] 40.3
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Table 3 Specifications of Engine Hardware
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Table 4 Operation Conditions

Engine speed[rpm] 2000
Target IMEP[MPa] 0.8
Fuel quantity[mg/st] 30.0
Boost press.(abs)[MPal 0.1
Fuel injection pressure[MPa] 120
Main injection timing[’ATDC] -3.3
EGR ratio[%] 0to 20
K5 KBS
Table 5 Water Injection Conditions
Water quantity[mg/st] 15.0
Water injection pressure[MPa] 20.5
Water injection timing['ATDC] Parameter
Number of injections Single or Double

BoreXstroke[mm] 92%103.6
Compression ratio 15.6
Nozzle dia.[mm]Xnum. 0.111%X9

Nozzle cone angle[deg] 155
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Fig.7 Optical Setup to observe Water Spray[5]
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Table 6 Conditions for Water Spray Visualization
Ambient gas component COaz(pure)
Ambient gas density[kg/m3] 17.1
Ambient gas temperature[K] 296K
Water injection pressure[MPal] 20.5
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